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~~. \iwlo:i .....u.e r l'JoeUc "-4t.1t11:~ :0 at_
~PO~\IU~.
llltll • ~ or Tn4'." nate MP''V Gff1~•• " ....."OJ.
lI"_~~(~ 110. I2T1I .. etate -.t 26
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puto> .... if to bit "",,-t.004 bJ ..... or __ nnt.eclra1lJ'
pJaoK 1-. ..,.. or 'tlwt _ ......ue- _ at"••twW.1IC'_ bJ
_ _. :~::.:_.... • ' • ~ _ t'Ul4
a.t4U&U _ to __' t.&l..taN of tIooo~.
tIM _ ~ a -.-J. boon'1..- _til ..~.. 1'CIllte.
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t t 'uotl1.apl t ....._~ ..... ...u ... _
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A of~~ ION 111 'UIe II' If of p'.''ll!
:t1zR ~_ viti! _ iJIRla__teA _ept 1:17""-
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,1'bo pD' to <It U. .-,. .... to dnel.cp U. ""I"11ll\41 pla.l. tar
...~ ..uo", <It Ltd,·, "'~ 1......n1a& _planle
1.-lAUJII :...r-., ""'~ aw>Ol*!&te~ .. -at.UclI pace 3 n •
.u~ neu \.en 1aaUll&~ blt. ~__ u \ba
...nIlon UII1W111. __• ea-, _ 1a _ .... __"'*_ plCIll
pu..... _. u. X...... l-u..UocI. Iou _ dd1.a;lt. olIJecUwe. '!bI
t1.-.1; U to~ nnt.-_ upui._ .U:II~_ .....~ &Ill!.
purw _ <It U. l-.la,*" du1p......lIIl.l;r. _ ...u.r ...,.plete lJI,.
~UOIl <It \ba JII'OJ~will pltndt. bDtlI -uM.U.........~ or
























































































































































































































































































































































































































































,(3) Ta ro&d 1_ =&""l7 """t-'- &01 "IIo<lgb Pt.~ • ...., it
baa bee.. 48_ tbIIt tlWl _LanttoQ U. 1"~.
<>1.",,-.1 lor b'<>U; ~10<1.
(~) !lie 1.<:Iut.10<1 1& clo.. to ~te, wll1cll will ftellltoote
trl.po to tlIe dte to nul...... okta.
(,) eoll&tn«:tl"" <>t tlIe t ...t l.Jl&taU&tlOJ\ w111 begln In tba
au->' 01' 1968.
All ....... 00 the pJ.&c (J'lFe 2), tbI ~<rt.&l~ ,,111 be
c"""tn«:tri _en $t.aUoa 1OO + 00 &all Statl.o01 lO6 + 00 <>t tlIe ".,.,..
tract ooet1..... %llII teat ..... "ill be 4b14.:1 IDT.o two telt 5«:t10D1 aD:!.
0'" o<><>trol ,,,,,UDQ, _ a:o 1'"t h lIlrctll. file tMt ...,Uo"" are 4...
11&Jated ",,- """ "B", SleUoa "An "Ill 1J>ell>de • ODe 1noll tl:I1c1< 111ONl&t1Oi
~ '""" s.oUOIl. ":so 11111 l""ht<ilI • .,......., "... IaU 1",,11 thlck 1naIllAt.i"6
~. tlIe lllS\1l.ll.t1llI l.o.,yer III botll eue. b«l.1II pl.&eed on tbO~•• "'"
d.ept!> or tllia~ below .t1nhbOd p-&<1e ..ill boo 20 1~' 111 section "A"
(1Ih1.eh ..111 uUlln tlIe~~_t seet10G tor tboo pr<>J-.t) ..., l~
lJI<!_ I .. llIoeUon "!l" (vl1l.ell ,,111 el.1oo1Mte tbo a1>< 1",,11 aul>bue l&¥U).
file vl<1.tb <>t tbot llUU1.1.ti.. laJ"'r WIll be 3'< teet ill. llecUOII. "A" aM 46
t..-t In 8eetl"n ":s". TIle control H<:Uoll ....UUdllll tlIe "".-1 4aaJ.&n
rca tlIe pro,j""t."l11 be 1,,,,..t801 _ll !.be tw teat; ...,U""" and 1. <l<t11B-
...t..4 llectiOD "C". 'h&nolU""" _ .. tlIe IMulaWd «CUe,," ao;I tlIe """'"
trol &IO! ""...u~ leatl.ca& ..111 bo..... to be proy1l\ed, 4"" to 4l1'r...~
..,•• III~ -avaU..... _Hll _ McU...... ~Ilded tn.wIltiolll
......._ iII I'1oJ'lIn 3. VerUcA1 _tori... of tho~.to>'.will "., l ...~llod
~t t;bot croll••..,\loa at tho ee_ of _el> of tlle t!ll"ee .oecu""".
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,'lbIt "'''lp of tbI field tat 1""*ll&t10l1 """,1"'" or _nl.",
~_. t1P" LOll 1.e'qJ1:lI of:o-_ "eetJ.o... , t.lle tb'dne.. aJl4 "-Ptb
or tbI 1I>I..aUll8 ~, tbI 'f1.<ltll at tile l.DIIu.U.t1oa. tbI loco$U"" or _
pWttwa ••naJ.Jle; .~nt.o, a.od l>tbor ~Uo det.&ill.
-.., bE! a.od Lm!ltt!> of lIeoU"""
110 h """gmt"''' Ul&t tbIt 1111t.al.l.l1.U,," 1>1 """lp!'1oIe4 of tbrH JI'lrtI.
t»c u..ula_ aeet!""" (""" ut.1Ut1.llg tbI IlO.-l po._ .."Uc" ""'" t.lle
.._ *u.1raUq till a1it 1J:Icl> aubbua la)'tlr) alIIl ...... eoatrol or llOftIal
4_1.&11 "","011.
lleetl"" ",." attorda • d1zect ~OOII _ .... tbe pert<a'UDCa or
"'I\l&l. tII1eJu>n;"... or Il.J> l......uted .."Uon _ • _l.Jwulattocl _UOD
(CcI>.t.roJ. Section). 5ec:t1oa"B" 101 NCII>c:ed 111 tblcl<DeN .......t1"" to tile
"".-1 oecUOl1 by e:-;l.U!OIl ot the "t< lDCb ...t>_.
TIle tuu1llt1oll ..,..,.. bo JIUZ'IIOHI" (1) I't pr.......rt. trellt ~t1oa
iJlto trollt; _qUb1.oI .~. 0011.11.~ prcyecrtlll& treat_~ am
......eD1.. or tba ;pa_lrt; lI,POI> tmw1"Sl and (2) by &Y014tll8 .. reduct<!
atNIlgtIl. eo<diU"o 1.11 tba au~" .. th1_ p"._nt ....,. 1>1 _. fIlA
ooot or tbI 11l11\1latlol' (p~) ...... be o1'tHt by lav1ap 1.11 "Ill!' _ttl
&D4/o'r 1.r;In>ved ""........no p..:d....__• iJl. or<5ltt to _ to'- 1J>IlulaU""
.et.bcd ...0DCIC....1lT """'P*tlUva viti> "omNtt1.ollll..-. Section"il"
la 1_ to ~tnt. tbI Ndul::t1ot>-1JI,...th1ckDe•• "",,",ept. altbclo8h ~t
1. ""lllteJ,. tllt.t ..14 re41le'tlDlI. 1_ auttic.l....t too~ • .-t un", 1»
~~0l1 con. 11> """"'1.,. tbI :;a_lit tbloJ<""... , Ilovne:r, two: quu.
tl""" U'OH. 'rile n ....t """"......,,, tbe "t.ructllraJ.~ or t.lle nol""ed
,till ~~_nt NeUOO, IlQII t.be ""<:olld, u... aU<l1l lnel U&IIOf<:Ine<l
~ u... l lAUIlS ~r due ~ .."",1 10&<111. ,. CIlII .-t.bo4 of .".!yaU Qil. tor
u.. ....Uelp.ted loll IlQII l.ooo¢lllS cGlld1U.."," ••u...._ to UIe It.r\I<:'tur<ll
Ideq.-y of the redu<:e<I ...Uoo. Wlt1l '~'l_t 'CO !.he ""enol queatlon.
""'.1,," 1""41>1 rn:. .. rep "t.ath. of 'l>O ....30. _tIlctu:rer of
b~ 1 "l.nloo C3§). !'f.rt _Ie"". lDd1elUI .. aim..... neul>~
I*__ot ",,1.1011 """,,,Uti,. or t/lr.... 1"""" or 101""'"1.-'_ ....Uri.l IlQII
_I."" 1",,1Mt. of gr-.r&llAr bu. "Ill bold ue VG'U",l atNII "" the 1....._
14tion to • "u1nd lWt or l' poi. 1lHo propoae<l Gectloo "Il" 1_ t.b<'ee
lJO:llu OIt1<:lIM "ltl> re.peet to tile t ....l"" 1,,01. P'&¥el all>!""", bIIt """ftdl
t!lo' lew. J..1al.t of t.bre<I l""be. of blt.umi-.. teri.1. by 1>10 l ...bel. It .
.."""I,OOM thee tJ>o. roduc",," ...,Uoo ..ould FOwl the ..1_ pnlt.<octlon -
d ...l>ll ..ttl! :telpe<:t to UIa lu." 1.....1 ~terred. to U.o llllu1.l.U,. 1.a7ft.
Telt _:octl.........1 .... :tollS ellOU&l> to NJ.e&t.t<l ..... effect>! to .. 101".".
role. 71BW'e 4 C~.I 1.1>0 thermal colldiU...... IrI11cb ..auld ""lit 10 • cOl>-
li""""" ...,1.1..0 vltll til of .. Nl.&thel,y ,!lort ten •..,11""
80_ on p:rn1oua .....,10 (.l!'> •• U1at MeUM 5(1 tNt l.oll6 I' lld~.....t.e
t~ tb.....1 _lJ>aU""". J1>wevu. l ....u M<>'tiona an ..equ1r«l ter po,V_Dt
perto ...tl•• TM...tO"", wlUll1l tllI.. rra-ork ....,. tb/l pract1<:&l
C"""tnlIlU or tIM pro,j..,t, .. ~lllItll or 200 tNt "u "be.... ter eaeb leeUoll.
AlAo, .. totlll prOj""t length or 600 tut 1lll""1 til__atl.:'ll 1"",t,ellatiOD to
.... """t£1"*<l withill _ 111lS~ "ootl....,... cut, "Ill"h I. Iltalltly gre&tw tlIiIIl
600 teet III IIlqJtb. TIlu.o, ""_tonIl.t,J ofI~ ..,U conditio... , 111
It .holl1.4 IJ.aD poillt.:! out t/loIt _I """""",,,tloll P1"X""""' I ..
thi_ eut "auld. IllVOlY EIlbe>-d. tr_~llt or ldId....euttlllll, .........1..,.,
.... '" v,."
t <;<lI<T1NUOllS "'S"..... i
Zw:1~~~~U~~N;~C':.~~~ "~i~"sfE~
I




t ! "lM,"".CON'1MUOIIS 'EST KCT~)l tI tr"I"'U~ O[o<o,R[O 'tH It".'M)
t







FIGURE 4. COMPARISON OF THERMAL CONDITIONS EXISTING
IN AN ACTUAL HIGHWAY AND A NON· CONTINUOUS
TEST SECTION
urepl.&e_nt or certaic tr...t _~t1blll wbsJ'ade _teri.al, 11ldi....U"E! ....
adlUt1o..1 "'~" facUlO" I" fa....., ot tbe 11l1ulatl.....
ftl1ckDou lid Doptb at InIll.1at1!1l1 um
TIle 11l1ulaU"lI U$er abould ..... plac" du.<:tq on tile lubgnJ:le. U
IJi'&l'Ul&r _terlalll ..... pJ.&c:e.l -..... tlle llllllllltica I.ayv lU>:I UIe wt>cr-4e,
_10 1...". In Ute later&J. dift<:Uon 1ll<:r_. eo...........t,y. pl.&el"S tile
t ...ulI.t1l1lJ l&yv ~. whicb bOla .. relathel.,y Illab _10 capo.clty.
ndueu _10 1 1.. tile l&tAtrel d1ftlcU"n aal. 0...-410>0""1,,..1 _10 n""
11 opt t;.o co""Utute om.ble __1 or tbe actual pbeDcae""'" P1ael.n8
tbe 11l&Ul&Urc a;rer ~4 " I" t.bIl pa_nt .",tice 1. 4..1...1>1. DOt olll:t
frooI tile~ nallll.polDt, but .~ ltl'ucWn.1l¥,.l .... "trea... on till.
la)'V ..,.. l:I1l11a1zed ~.
To ..t1alte tluI th1eltr1ell of laaulaU"" required in tbe teat """'UOCIII •
.. ecaprterlzed 101.II.tloll, 4 ...eloped. prl..,lpall,y.1o Pur<hle IlI>1vve1tl', .....
,.....,,~. Dl1. progAlO. under tlIe eoo:llt101l or oae-<l1lDellll....L _10 n""
by ""..,,,,,,tlO<1, ll'J"'11ct.l tlle <l1atrlbuUca ot "-"turu tll:I'ougbout ..
~.." _lUll wlt.h t1lllo, b1 _ ot .. finite din.......,. teoclu>l.qlle. rbe...
.... .....nt1aUy DO ll.al:tatlOGl 011 tbe tuDoU",..l tOJ'll at laical &011~
coll41UOCIII, or 011 tile ~1at!"" or p>¥IICfol. enol tl><a'sl properl;le. or the
~e4 eyatao.. Ploru.....t part..o or Ule JII'ClP'U lU>:I en GU;p1ll at Ita appl1-
co.Uoo to 5ec:tloo ".An are \.Jlc~ In Appm<\1J< A.
rt>e p •.."lctin ......blUtT ot tl>o --... h t&pel04 br the qu&l1t1' ot
tI>o 1.aprt, "bleb 1""Wdea the .u.."'1ona ot the ....0.. &..,tioo. t,," pbra1e&l
(lOUd tl>o..-1.) prnpvtiea of tho' l.I.yen. tbol &1.r-lNr1'&<:. u-a""t.... ta<:tnJ",
.... I..1r ~~_tJ.M tI1nI>t10o, ~tw".....IOWI tiM at a relatluq.
lP'Mt d.ptb. ead .0. ill1tut te~ture-deptb tl.u:IctlOA. see rtaur. 27
ot A_lIdix A. ~ procedure. u.eed 111 eete<:UtliI tile ....rio... 11lPlt de.te
.Dd, wiler••pplicable. en ......."t or the etfe<,t or tile clio.." vahlee
on tbe prltdlel:o<l teaJler.tur. dl.tr1bllUnc w1tl> tt-. are d.ec::rlbc!d below.
witb epleitie 1'fIter1lllCe to seetlol1 "A".
DlJoendll"" lit tile Crose 5eeUon. Tbe etu'tlas JlIIlnt 18 the ~l dul.aa
eactlon. J. vahle J~"t 18 mad. 1'fI1&U" to poeitlO'l aDd t.h1oJ<.aese
ot tba lnsulatlon 1&)'8r alld a reductlon 10. thJ.cl<.a,eu ot gr&1lW.ar -.ter1at
111 t!>II ...,..1 o""Ulln. *vlll& do"," tMe, the COIII'IInellte or the E8_nt
eeetlO'l an t\l.rtber .\llIoClhlded lnt.o al1¥ ll\lOl1><lr ot 1IlCr_nte.1 t.h1ckaeue.
d...1red.. '!he var1aUOII ot tellperature "lth t1all! at the cellter or the'"
l~nta 18 cOO!Plted. For ""'-\Ple. 1rl f'1gure 27••ete<:Uon ot lll.C1'f1l11ente
flve alld ..ven "ill yield the te.oweratoz.e 0"," 1IlCb abo""" elld (>tlO inch bet....
the 1.IlautaUon. 1l:f ....peaUng tile ee({llenee or data card., ",v.ra1 probl.ec>a
co.n be rutl in 0'" bolteb elll1 tb.... aeYCIra1 tl>i_.... or l .......tatioll me.y
be I.ttve.tlpted at 0"'" tUle. "tb...-ll,y acceptible """Uon 1. one "Mcb
U"llt1al1¥ prevente pe",tn.tion of tlle 32"" 1eotbenl tbrou,gb the 1ll.S1llation.
Structural alld oenllllCl1c ftetozl ...t ..tao be 3~.
JIlurdco.1 C....,. TIIe....1) Prcpe!Uu tor Eo.ob Layer ......lue. tor tbi> UlI1t
....1aht, 1u.1tial _ter eonteltt. vo1UDetr1c beat a"" the"",l co""uet1Vlt¥
....ra ",leeted tor ....eb ot the C""'P>llent la)'lIra ot tile P"'"","ot aecUon.
v:uue. tor th. bit<u:d-.. IW-!&« alld _. c......,ted '&S"'&"te baae.
aDd eubl:!Ue ....1'fI aelected rr.... valuel tor daner -.ter1at. uaed 1" the
.tete or Mo.1"'" telt 1<lateUau"". value. tor the l .......1&U"" .....re bo._
OA repc>Z'ted value. tor stTNt""", HI Pl&eUe Foaol. _twtaetured. by The
Dow CbIIa1cal. cm,po.'\I' (~, "Ut. v&J.!J,U ~ tbe .~. """' bAM<! 00
Z'OpOrtOd ..-huI. rrz c:ro'b7 dlt,r elay Ql). With UItI """.ptioo or the
1II.l\I.laUoo, tho ul.8¢tod ""lwt..... ",'tber .ppr<»:1lato. n. pre4ieUolM
_y be ......'ned u to .....iUvit¥ to var1etion in~ hetor. For e>Wqplo,
l'1pro 5 Uhutrato. tbll .met or -m"8 _tor c:.ontellt 1.l> tbtl baH~
Alz-&lrneo TrluIllter h.ctor. !b1. hctor attoqrt. to 1.8to pa_nt
~ tolll,llll",turtI to &U t8lII,llIlr8tuJ'l1. T!>1. "'1.8U i. e"'l'lu, bei"6
in.t1llel>C.4 by tranei.nt~ .nviro_ntal. "ODl.iUooa. It i. ""1'""_
u • :ratl0 or (e~~~tun). TlIIf ....tio ",,1.u' u_ ~ thh
.,.}pl. h 0.99. I\I>ll to tbtl tIlet tbllt tl>oI pol-lit aur1'ae. will pner_
aL1¥ uht .t • terope...tur. wU"b 1. bl.gbu tblul tbIt .....ir toIIIpltrotuft.
tbIt ul8<:.Uon. or 0.99 raz tbe &U.aurb.", tr<lDa:t.r tIletor i. """"nati.....
Initial C0Dl.1Uona. In ."tuaUt,r. tile ,,_ter .0hlUon pnerate•• tbJ'H.
diM...lona.l .....tIle•• on "h1<:h "ll:f polnt repreaenu • t=peraturtl .t •
SiWln depth.nd t1Dl. Frca:t1gl>rO 21, it ",0.!Ml.1I>'II1Md tlIat .1tboll8h
t!Ml upper .1l4 10lHlr !>co'.....ry "on41tiona "ill srellu,y art'8ct the ""'pi :>r
tbll aurtllee 1'''''''_. tllot iD.1t1&J. "on41tiona »1ll &tnet tb8 fllD.c:t1o.-l
...laUooab1J1 onJ,r .t short ti..... i.•• , witll t1me the utaota or the
iD.1t1&l. "oll4itiooa lP"ll'tl.l' 41aini.h. 'lberef'OU, .ltboueh it 11 4e.1rabo.e
to pre41"t the iD.1t1&l. tupo...ture diatribution thrO\l8bOU.t tbe lI8-_at
• ...,tion. .. "1080 to the • .,t",l u praeti<>&1:>lo, tbll 'nor u.oo=1&ted "itb
'l\"f rea..oaIblA • .,UIlPtlon .houl.4 root be .1Wl1t'1eattt. Th\I,a. it ...... uOWll&4



























































































































































































































1JpRy Bc>ut>d&>y Con4it1oll&. la tbe' aboa""" of aU ~ature t1Ilta ror the
..,_1 te.t aita, the o.lPP"r~ eoll<ltJ.ODII veN daterllilllllCl froIII _II
dail1' air t.n.perature data taken at Woat Lahyotte (l"Urdue IIlI1ver.lty).
It .... decided to uae tbe tNez1Jlfl iDd",,1 ... a ••sun ot tbls _rlty of
epecLt1e "Lntere to aid ill ebQOl1ns. tor dael.gll, tbls .,.t ...vareo viIrter.
Arter eollaeti.<l& te>ope....ture <Seta and COIIJIU.t1"11: value. of t'reezL"II: Won;
tor tl>e "loter. of till plat too~•• tlle lIiJJtu of 1962-1963 ...... ..,acted
... the _t cr1tlcal 01>&. be;v!"II: • t'reezi.<l& Lad"" or 1271<.0 d<lgr<!o-day:o.
P1gure 6 abClllz the curve or cWlllllatl"" d&gree-daya tor the ViJJtu of 1962-
1963, and Append1X B cOnW-LlIll the coaputar Pl'O(I%'U uaOd l.D caapu.tJ."II: tbe
w.we. ot treezillg 1Dd"". Aleo i""luded ill Appead1X B 1. tbe Oo.tRut tor
tIM Wiater of 1962-1963. he. "b1cb tbe curve ill~ 6 .... COllllt:Z'w:ted.
Tbll tr'Mdl\ll Wex h .... adIoitted!.,y apprew..ate "&¥ of ..,lect.1llg tt<a
crLtical uppar boundary coll<lltioll, aLt.llou6lIlt h 01lIO tbat can be ratl>er
dlllPl,y aPS'llotd tor an,y locat1oll ot air tfmlperatura record.. It la poulble
U'tbe duretiOll ot the t'ree.:LII& parlod La lollg'!lr. _r, l.D thl. I.ll&l,y_
ale. tbe tr'M:Lns lad"" of the WUIter or 1962-1963 .... ~OO degre..~.
Lower _y cODII.itJ.OllS. Tbll J..n.nuellOe or the~ hoo'M.o:ry ia lllJ1.ltrated
by fll<&II;p1.e ill F13Un 7. Tb1. cotl1ltlo11ia a dit'fiell1t 01lIO &¢eu.ratel,y to ........ ,
W tbe LMtrwIlolErtatlOl1 "",,_Dl.ed 10 W. report .bould provida val.lIable
1. The m"'l"11: ind"" 1.1 defl_ as tbe dif'ferellOfl be""""" the Mxl.'l1 aDd
"lnln,,, point on tbe c\U"Ve or c....ue.ti....... degree_da,y•• a degree-da,y repreaent-
1JlfI 0""' da,y ,,1tl> a mean air telIper&ture .... d&lP'" above or be1Clll mui.<l&.
I ,
FIGURE 6, CUMULATIVE DEGREE-DAYS ABOVE
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"r.~ 12 1.ll41....__\ ~t pelll'tle.t1O'1. or~t two teet l.!rto tbe
foo"'~ f4 tile 00atz'0l l*t1011 1JI poaaible. ~ ~s.. toz tbe
rt1Dr;~ _t1oll ......~ 111. lU'der t.o dlWfti. 1.1 4eta1.orl_
lOll of the 10<1,",1"6~ eoul.d be ]lVtl,y at;tril:o.tted t.o heat ...t1oD.
r.~ 13 1JId1C&tn tbat h'oat cDll.1d ha... ~ted to deptba or .ala>at
tut into tbe aubgn.4e ot tbe eldaUqj;~ _t1oD., tbua ,m'''I_
tbat JlU't I>t tbe 4etvloriatiOll or tile prftel1t roa4wa7~ be atu1_
teo hon ...,U.....
!hi_SOo or tlI& nllt1lls ;&:a...-ntc~~ trOll app2'<lZ1.llll.te1¥




111. Boctlol> ~A· tile 1<laUlAUOll V1ll be _eel fin t'1ltIt bqo!:d the
-'fie ar pt._lit, pr<lv141as • t.otaJ. 1lIaUJate<l width of 3lI teet. "1l1lc tbe
1IIaulatiOll "ill be c<t.ollll.ed the tull ddth or the .bw.l.4er in Section "ll".
pnm41IlB .. totlLl 1llaU1.ate4 "14th of ~6 reet.
~ pIIZ'pOM ot e:r;t.endlnc tbit ~tlol1 beyolld the ...sa- ot pt;_l>t
1JI to ·X'·I..., tile YO~ or~ aull,lecW<l to OlM-dUle"dOial bu.t
tlDII. With ....te:teDeil to J'1gure ~. tbU ......... el<tllZl41!la tbe 1l1S\llaUoII ~
-.p Wfollll t.ha edge of pllYelllllllt to areatJ¥ :reotw!e lateJ'aJ. llel1t tJtmIt...
t'rca tbe~ (tile ..,-ealle4 ·~i...-leffect"). !be op'M-.l
41_.... 1lO =tell4 tlIe 1Daul&t1011 to pnY14e t1IU protocti04 11 beyood
-.l7t1c&l detendat10ll at tldtI t1&e. _a.... eunlHlt; .....1lQ'Cll at
I'lordM UIIl.-.l\T 1M~ 011 tbe t,m-cU_'_' ;p.rob~. ne1.4 4f.ta
an _ to ftrUT .. ret1tIe tbe ......q.u. II1tlo ~t1.CID~
...... 11:1 tI:IU Np>rt, l.JIta:tj4etaU- <4 tbe tat n.. ,.~ at tbe
__ t4 tbe bro 41.ttIuBt i.l>Io;ala~ V14t.M ct.e be _.wtd.cJo &boQld pIU'N













































































































































































































































































































































































































































































































_. .._", " .
_. ,,".. " 'R ..
"'_~ in s-et1oD .,.", _ b ...,UlIO "C", &D:I tlrM 111 8Iet1...
~". ftIue~ et...lIt.oI .... '''0''''' at .sepu. 'I>el.ow U. 110\_ <4 ~
tr h,&Id wU1 lie~ 1.11 -U~ ....... bolM -w tl:a-ou&b u.
_ or u.. _. At.-eh MeUDa. all U '-tar Rr~ vUl be Lm
:lUt ~th UM lboo.>l4er \0 II -.u.l bclu'd OD tM 1oaelr. ~.
~ 1cClc of tbe tbanll.1JllOI" ~U_~ '1M apla1Aed. ., to1l<Iorl.
ra-.utor co11lllu A (StM!UOD "ll"). IlIL114 I (llei:Uoo "c"), ILII4 M &D:I •
(s.cUOII ".") .,., louWod \0 olttotJ.a 1ll1'oreUOD CD tbe .n:!"t 'IV!....
iIlIda<:e _t.er~ u.. &1:1'_.,...,..,. _r.r Rctor. ~to.r
eo' :I, (:, Dud :I (s.ct.1OQ .....) &I'd CII~ O. p. Q. Jl .... (a.euoa ".")
ill: U. l~Uoa. .... aUWd pN'01<11UJ;f 111 u.. ~!alt hoc S'".." M<:t.1l1O.
it SA :hilt u..t ~le field datoo wlll lie .-_ Il:r _ tllcod.&tan
\0 be1.II 1.11 U.~ or .. toro-d1MlYI1.oa&l _t 1'l.DoI pndlOUOIl aodotl..
I\Icb II _el pn>'I'1d.. ~le~. La tlIII ..1KUoa of vlott.l1 ar tile
II8U.lat1lll ~r.
~.".tor col1llml 0 (s.c:Uoa "B"l. L (s.eu.... "c.) """ U(hcUOll "... ")
-.... plac-« to .....,.. u.. 0...4'·0.10.-1 _t n- COIIII.1U..... at U.~
DL tile __ ....~l_..t~ ..sal <2). tt. reAl..,.~ I.btH u.m1aton,
tb u... <:114 lie~ to F""!1ct1oa <:anN _ .. t.lIoM rd~ 1.0, U
""" 12. !be ~ton~W 1 llaklT -.bcrte -.ad llelool U. ~Uoa
!.It~co~ .... cr1Ucal, &ad. pa1I" U pnrrl4t4 to &l1alI tor -.l!'uJE't1.M.
~ .... <INpUt u.nd.llton h. -.ell or UlIo•• e_ U ... co~ '"" ~4
'to obt&1" """b _ 111t_Uon on u..~ b....-ry colllllt1OD1. !)OW
tr.. -..ell llept.IIII Lt.rp1J' _',aUable. TbI:~. of prcpc'.l.y .......-












































































































































































































































































































































































































































































































































































FIGURE 17. ILLUSTRATION OF DIRECT COMPARISONS
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3. Pl&elac 1DaIll&tLDg _
Arter t.be tll.8n1.Iton ""' p1&ced 111 tbe~, tbI cOll1:.:l"&cw
will pz'OVi<l.a tbe labor ...." eqw.""",mc to lutloll tH 1Mu1&t1.... _te:r1.al
upoD tbI .~e .. d.J.recUd by tbe Ilul<lent ' ...1_. Tbe llla\1lAUQQ
vill FQlloI.bJ;r be 1IlO'PU.cI 10..-tiI ..~t.tIl¥ 2' x 8' X 1 ft (lIeUDO
-.... ) ""'" 2' x 8' x If" (IkcUOD ")l"). !be l>olzd.II vill be wtted topthw
aDIl find 111 PD-'lt1ot1 with .. mlnh... ~ two wood6n Rever. (.~te1T
6ft by 3/8".) PQ' o.lt...t. The auwe" abQul.d be drh"" thJ'ciU&Il tlle 1...11-
lI.t1o.a lllto tlle sell at & .. &Q8l.II to :rc""" the boud. ..lnat tlle ;\01.lltbe1. tcazecl,am W1tU t'l.wIb vUlt the .llrftetI or the pnvlO1l.1l¥ phced
boIu'IU. J'1&l,ln 18 iu.u.tra.teB U1U.
Plac_nt or t!le l ...<l1a.tillg bo&r<1.I ahould beain at 0... etl4 or tI>e
tel" H<!tlon atI4 prce__0 tbe length or thtI o.eetiOll. 'lI>e f1,rat
...,.. or bou<U iI pLaced d.,..n the "ellterU,. or tIM roM.......,. Ull"1l"
&trlt,sU.. to 1"""," atr&1gbt ..ualDtlIIt or tblt _rd.. Plac_nt 0:1'
the l ...u1atl.l!& _ ••bDuld. procHd rr.. t.lIe cent. U"" w_,
with till! :l'1zat ...", at -...u~ ..-1111"'8 a-.l or tbe out.ar rev.
U pl-.:-..t ad.......,.... rtWI 1. I1JJl4'b'atecl Oil J'1Bure 19. I.D. addlt!OD.
aU trtMvuae jOlllU .bou14 I>e at.aaPnod 1n J'1.suH 20. !tI
aeCOll\Pl1ah thU, ....,11 adjac8llt ...... v111 be •.l:te tel¥ dilpl&c"" 0IlII_
balJ' tbe 1oIl¢b or the bo&Na (~ ~t) tor the tuU lMulaW width.
71&uU 21 lllu..-.t<o. tlIJ.. t1lllP>'ed patten:l.
'rbo~ to be c""aNd, 11 200' by :t JII' (6lloo equ.ue teet) toz
8e<:tloa "A", N>d~' b¥:I: ~6' (9200 IlqI>Ll'e teet) to.- 6«:Uoll "B'.
_QUA .-:perl_e lll1li<:*'te_ u.t tbe lftllUlated. _ CIUI be paced







































































































































~. Plac_ ot *tv1al 00 U. lDIoulo..t1.D!l, I!x!r
.... __ .. u. 11>R1atlOO 11 1an&lle4. tbe _tor aboo:14
.tart COCllltnlct1oA ot U. Oft:r~.. \lull or........ t'bne CIIIlN'M
IdU 1M _tnaet.d '-" tbe tollaoIi!lI _I
~ c....._ Uol..-u or!)lle ::::I _ .. will "M IIIOt~ UI&lI. (,
1acllM. .locoIr'Ol..lll&1¥• .-t ... ~1Doh 1.oooM 11ft .-U .. plae-.l. ..."
-.rhe. crt U. 1.llN1at1oa... lcq; .. tbe tgp tiUl or 1M _tGUJ. fA lull
'U&o "I'S l_t.l¥ t __ 1.oc:hQ ..." 1M .~1al 11 well""" ~.
tolluw.. !bot _tGUJ. aboo:14 nzrt "M _ diIIIpeol ad,j1lC_ to blrt DOt
!Ii!29. tbI 1-.l1tioll boult, ....-.. 111 ft.IIlrI. 22 Ud 23. It.1DWl. tbeII
"M pullMd ollto tbI bc>a>'<lI aD1 apreI4 by • l..l.chW.!&bt b'IICl< ftldel. IIlCb
aD1 .".t.d 111 • _ • ...,b tlat ..t Do t1/IIIl 1/111 1t rat ol.l.l'Iet.1J' llpoI:I.
tbI 1DIUl&tlOIl~H' P1&W'" 24 ..." 25. P1.Ie_ of _tv1al will bI 1'.."'"
ODe cllli~ aD1 proc_ 10 the _ 411'1<'=Uoo till Iltt1.rI 1.1llllth ot u ...
MC't.1011. Plac1rlC.t.ftl.al rrc. bot!> co4l .I.aalh : ''IT, .y _ tlII
_ 111 till CC-" or U. ncU... to bucl<1.II up.~... or gI.ml1ar
_ter1al 011 till ~Uoo .-l4 "M b7 eqW.~ I/b.lcll alrtl M> ....
tl>aa all 80 JIll -woet P"'_ UIl. Clllp.ctloo crt~ .\a1.&l ...
_ 1~.. abca14 boa __ to till tI1J.l 1I14t.b. or tbe 1-.laUoo
1. bto_ CIO:UOII abca14 boa~~ aU~ ......torI to



















































































































pho_at ot tbe 9-1Aob _ "b1ob ov<lrUn tbe ....bbue. ColWellU_l
~nt ...qw.z.d to ea.plete tbe oOlllltnlct101l ot tile _UDIl~ be
.l1.DIIe4 to~W on tbe ba... _ e""l"L'1.teeI.
s.<:tlDll "B~
" 6 1l:d> UI1clt e""l"L'1.teeI lltt (or 8 1ocbe' UI1ell. 100") ot 'In'e "P"
e,...,_ qgrega.to _ ..1ll be plaee4 eM eOlllP'Cted \IPDD tlle lnaulaUOIl.
" 3 1.tIc:b tb1cl< (e...,acted) lltt ot tbll __ter1&l .hou1.<l tboll be plI...-d
eM e......,t:6d. rbI eoutrw:tlllll _tboda to<" tl>e ttrat 6 1Ilcbe~
lltt ..111 be tba _ .. tboo reqw.z.d to<" lIo<:tlOll -,," 10 tb! proead1~
~. TW 3 1""1'1 """p"- lltt my be placed 1.11 • D<lmal ......1'. _
Alteroatel¥ tbo ,,"t1z'e 9 1""b ba.. ~ be placed .lId e_ted U • '1llgl.e
11ft. OlCI:ept tbat tbe .eLe.l proced.aee d..er1bed to¢ Stlet10ll ",,~ lIlU
.WlT 1Ao" tb1. h tbll tir.t un above tbe 1D1'1l.l1.t101l.
5. Ibe hW InIt;allAt1C1ft (lII... co"...e 'lei 1I......1!!!! eoo..rae)
" tr"Del'l ..ill !!2l be required to lMtoll tlwnd.tor. !2! tile tnau·
lAt1llg~...... eaeh IIl.&eh~ h """"leted-. coutruetlClft ot tbe ..,.t
laTer ..111 be dl!tened until .tate per"".....l have pl&ced. tbe lMtzuDelttl.tloa
111 tbe -IT "OIIp1eted oM. P1a<!e.1lt ot tlIO lnaUuMIlWtlOl1"'" be tbrClUgb
...ul bill.. (lArse """"6b to<" a ...•• _ IlDl1 loiter ....) .we at tbe thor-
elfto:r loeeU",,* 111 eeeb~. !beae holea ..lll be :ret1Ue<1 ..1tb _ter1.1
aWl.ar to tbet taUlI. OIlt.
6. Bltw111DDW1 Bo.. eoo..rae .lId _eo eoo..r..
file Roaldellt !:Ilg111.Oer 11111 Ill*! to _ "e:rte1ll V1Il\le .ludgeolonu 111.
tbe .... ot heavy tqu.1~at to e...,act tboae~.... '!be pr1""1pU l_
ot cCII:IClIrtl ..l11 be~ to tbt tbel'od.at.M. em le&dI.
illW.aW _ ..... tJa'- \lie.~pI._ -uoa w1.ll be _ •
• t1M NllpW to tlIIlI l.AIa.-.tat1tr4 or tbII -no... la7en w1ll
_1: t:lIot _ ... tJat tor u.. tMula_ HCUGM. a:ar..1.c~
-.. lid~ w1ll be ....s. GCCpt _t tlIIlI ........_ • .-. ..
I.t to ..,U'dUM Wbl.c11 CfIILl4 u.ae tba u.r..l W""~_.t&t1(Ia..
'"
1. 14.\ t.be t1lr.e or .."...tnleUoa, .... be:tonl, Npo'e&elltatlwe 8Ulplea
or p pI'Oportlollll ahould I>e t.akell at, (al ....b &011 t1P" "''''' til
tlle ...,tlo cllIOi'LCted '''bend''; (to) M.Cb &011 ton- loM.ood to _1t1l
... I$,,_ot tOl4lldAtioa, to t.be <!eptll ot "" dHput t.benl1atoJ'; ...."
(0) ...,b sr«m>l.u _tlrriU Wled .. _ .... Clb_.
2. &o1...,t.e<! lUp1ea obtai'*' 111 (1) .t>ov. ,bOI11il be subjected to
"}a'<lCrU ot ~to1T ••·• .l.uUloa bl" dt'tvIIill1ll1l' Ce) atao::lud. 1..u....
or cludt1catJ.ol1, ccoopetlo". a<Id load-deto....Uoo; aM (to) aueb u--J.
.._terlaU« ........ _ Jll"&<'t1~1. a.ad dul.n.ble.
3. A F"'S"U of c».u collection, re2w:Uoo alllS ....l,y8h oIIoul.4 be
utabU.be4 "hich vill .n-o., Ca) to cornlator tbe pl_llt ,,,,,"oM
~. lIittl. Ulel,r tr...a1eDt ~l1t; lUll!. (to) to -U&tor, ren...,
aIlll ex'telld a.-l,yt1Clll _ili foz' tbou'oBl. sa_lrt duip.
~. A 41't1J.l-.l progna tor Imp] nU"6 tlle ...,__tlou or (1,2,3)
abo'o'a -.tel. bee df:Ye~ .lolat.1¥ b:f t.be aeaeardl aad !'Z'81lL11lll Gellt<lr allCl
tbll Joint H1P&J' ReaelU'<:h Pr-oJect. am be ..,l:a1tted t.o tbll appn.pr1ate
Bt&u. aut'-ity to>' .....1.... alld aettOQ. 61""0 ""...tnleUon of the teat tacil-
It¥ 1a "-1l:II!1rt, tbua 18 &0" uq.....:r to thia recClllllOl\dI.Uon.
"e. *II or I"'•• -.1.11," p"""" b7 SOU ...-- Stan, Dlfpt.or.... :.~~.....1t.7.
Aldndl, ....1 ~. h" ~~Ue- _ ~7-
A1rt1a:Ld •• " •• ""t.on :r.n-!!I Qrowo4 h'Mo:l.. l1li
a.l1eU4lJ'....·M~6. D. c., $.
! . .-.n.... taatiblt<l or I'lvs!..... "'! C .~. n.. liru: t
_ ClIIlltrol1a. lld_ &l1li. ~,. tbl. 2, S4ltell..,. .....
C. Vol1'a, lllolabDl4 J'IlbUahl.l1lI: CoI"pl:In.UOG••• Y., 1m.
~ ......1l.Idal., fl. II. _ 1oeo...m, G. A., "_cU.. Pvt__
of tit'i'F."""i llI&rhced h_,· Pro<lee4itc' or tM 8ee0n4btAr_.!!~ ..... OD 1Itrw:b1!# DU!!!:or Lpn Jf!ft-
MDU. •• 00.
,. m-. *"to J., ....~1. of U.~, I'J'oa1; _t.. 1a
t.M btll 0t1rt:al tIld.teIIltf.toot", Ill9CI "'-1a, JWm. UIl1'JWt1tF.
~.l~.
6. npr.. 1.8, 19. 20, 21, 22, 23. 211, ~... 26 COlu'tN7 of fbi;
~' ' 1 Co., .." ".
T. ~_bl.... "'Data.latloa of tbe arOlIIIIl J'rooot u... ........ or
.. I1JIpl4: !)p of~~ 1Ild1"''''''," ,. "U.-J. _all
10M ..~ IUU_. JlIport 30 A, 1963.
e. .~ :r..w.aUOll \fIUl~ HI br&lI4 PlaaUe _,.
MlJ.ct,Uoo of tbI DI>oo ClMmcd Co., M14lan4. M1~. 10'_'1 196'7 •
.,. 1tI. D. II. _ 1Ilrr, M. II., "e.->t.u 1'rap'u~ OIM-1l!_·toao.l
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Qt.b1e. Iw .-.....r1lw llZ'OIIII4' , ..\un.....ti.-.J. IIneumo
OCoIal>ll " 00D04&, D:l.T1l1oa ot 1ldl.d1,. 1leMuch. bc:bn1eo.1 ,,",pw
.... m, s.pteoobu 1963.
U1......1M. I. A" ..,~ PlQUc II>~ eoaatnu:t1oll.- A
JIoPI'I' ,...~ ..10 u.e e-t'u .... or t.blI l/eRInI Anoe1.aUoa
til "'.fl·· lUI· ~ Cltti.eiaa. 1iICi-. _te b n, 1963.
). ~. O. A., JlI.n". II.... _ lID. II.... ~l.c$ of
~_ r • Oture Dl.tz1.but1_ 1a x-1.IlW JIlo_""-."
• JI'lIIU p: 5 5.t. U- CUid'L.... oa hooIt.~ ot
~ U.bI; ~u..,.~, iIIzntIoq. Ow: 'V. *7 1968.
i. L1ooI,:un Z.~tl.... l.JI8d~ ..~,
.... 1Rll 1" ...... S .••. T.. .
r, LooNU. C. V. h •• -0Irt.d.D Cbilnc't.ullt.1u or~
J'roMa Solli." Pb.II. !bull. Purd... 1,b1.,..dtJ'. ~. 1957.
~. ..1M 111*'"~ ee-l..10II. "Z.I.l1IIUocl ot~o _
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~. 1968.
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......... JlaaMrab l2l!l. 1966.
~ • .I •• "aq,.~ ..._ ~ IaaIlU_ .1Ul 0
~",..u-..a. _ ~1'Dl;p~ ,...- hoci 'hIP o:>r
rtle rd ...t1.~ O>ah>_o on t- '! • omn Sci...... Yol. I,
JVt. 2, 1961.
tT, 801lDal.4u, Allaa r., "l'l\:rllloszw,R." "'tuNl ,..ture. of lalll_.
alUM. bT AU_ A. LlnolH7, 1aIl1&Dl AOiA 0 of kl..... Chn»"'. 3.
"...
.. , ., v. r .• l2l1W. lll'rUloa of JIltw1lJ,.a • haUl. w •••
...ta.... 7 C 'r'•• fa _, C ·....tloa. *"'ell 6. 1968.
ftNub, A. L. foIlIl V •••, 7 • .1•• "!'Ioe ~_t1... or I'lL ''W
I.s. ~,"A,.,... 1*11__ at tlla fSlI "'-"t.l-...t1lr&.
"'aM~, 11. C. J-.-,. 196'1.
ftndo. A. L. foIlIl V1l1h=. V. G., -U- or %:IInl&U... to
~~ hoe" __Ucaa tb5er A II; ,. JIto_t,·
.. JI"llIIW P 1__ at .. 1=_' .. "'W. "'aM..-, 11. C.,
"'-' "",.
k .. n. V• .1., Alll't1lt, II. G•• foIlIlllrootto. 11•••• ~uee
~ ..JP" ..... l!Q- of IoUKl bd b8t 1laIIralt.a to Cclr7& or
e:, , I na1ll1A1li1...-t; llto&1p Crtt.a1.&,- 7\0<:11""1" of tlla
ll-..I :ea-t~ Cuatic _ Sbuetlllr&1 1lulp of AQM.lt
iii' 'I,~ 1$67.
U1rlel:I••• 7., "'aoU.." *taraJ. ,.._ or ,,-,-- _tid I"
Altcaa ...~. I.II!I~ ".,.1 4 at Sd_:etIiPtU ~. 19(i6.
Utd.tId Sta.... 1lI'panM1It of "CO-."" "cllatto'G&f"" lltota."
........ a-u. "01. '9. 110. 1• .1&Dl1kZ7 195'. tlwov&b 1b1. 70.
a.. 3. *reb. ~.
Utd.tId Bta*~.. or c .... -:lDrtnactlo... tor Cl..1a&to1<lPcaJ.
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"'-a.at1oM,- \l_tbel'~, C1rc:al&l I. 7tllldlUOII, AFillg66.
ViW-. II. G., ".. llow t:bM' .... ' Co••
.....ollllJ. *-"... rebzuuy 1. 1968.
ViW-, II. G:J.'fbII 1loII a.-:1&J. Co.,
:r-...,. ~. 19l>11.
IIUHI=. II. G.• 'fbII IloiI ~1il Co..
C 'II· ...U .... AJI'll 2lI. 1968.
-,lUI,OlI. ~. G•• IIIpw, bV_. 1""'1_ 8tate~
C 'lIi_.!IInoJ&l C 'nlOllUoa, Ai*'U ali. 1960.
,,_. S • .1 •• Pr1ole1pl= or JIto_ Du'p, .1_ W1l.eT" 1IoIM.
I.III!., S. .,., 1959•
.,...... 7. 11••~ "'--4 Pluue _ CGuir... •
-at ,.....,..~ 128. l.g66.
Ail. 'D'''
RlIDm!ICII" C. !'IIG'III#,!I.IlI
vrru '!DE .\lEI tlBPl'lI
,"'---
Datoo I!N$h 8. 1968 ..
.."""'..
I.I>1ttal C'ondiUolI. Constant (500,)
Boul>:;\arJ Coa41t.1011 H D T .. ,tIP lllllo!t. Om. l. 1962 - 1.w.:11 31, 1963)
""""'r Boun<!luy Condlt.1oa COOIt'gt {'jQ"rl at depth of 96"






._........"IJ!<L_B:<e<:ut.ol fiM l.9i!.,6 U".
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·,~~.OO<l~ I"~~.OCO ,. ~.. laO~.OOo 1<.... ,.000 2.000
"
IOll.DOll IO~I>.OCO 11.0<,10
.- HI%.OOO 1"1I0.0GO 11.000
,. lraO.'lllO 11f'~.OOO 11.000
., I L(,~.r·ll"J I L'1I.CCC 10.COO
.. 1121.N'," 11~1•• ~" JI.COO
., 1 I";'> .1'00 117".O\lt'l 41.0<,11)
'.' I L10.1'0.' ,nll.oN' 40.COO
"
/Ie' .'1UC lJl~.lCO 1 •• 000
"
IU~ ....(... 1... 11 ...0)'1 ll.OOO,. 11",.000 \.l12.ClIn "",1)1,;0
,. 11'... QOO 1/?".UC 11.0':'0
"
,!'I... '100 Ilil·.O(.;) 1•• 0..10
"
'll',.I'X, 1 '~".CC' ,,,.cao
., I \.....00'1 1'",II.a~~ ~.cuo
"
llt>~.t'a<l IHI.UBC I ... COO
,. 11'lI.COO 1·1".0<:0 2!:.COO
"
'''le.I)', \ ....0.000 n.tco
"
1.... ".OOG U~ •• fCl I ... cou
"
1"..·.0"... h .... \j~,; \ ... twu
.. I .. O&.O<;,u l'olI.O~') a.Clll·
"
l~I!.CCl.o , .. j".1,;('1 ~8.C~V
0' 1,1".<'I'l\, ' ....,I.on, 1I. C<l(l
•• 1../>... ' "J I ~·".CCO l~.COO
., 1,8... 10. I,.",.ocr J}.QOQ
.. lboa.Ul/_ lbl~.~~n 'I.COO




j,·IIO."O,' :I, •• OC," ~J.O>lC1
,, I/CI·.'lOr 1"'.CCU lb.OvO
"
112~.0;'C Ih/.r~1 2 '.C"O
.- 1'·,].flUl' I f1~.UC" Ij.C_u~
." 1~1".1'<XI I~UU.OCI) ". coo
.. I "CO."OO 1&.'"OuO b.CUO










I .~~.OOU 1'1,".000 -2.C,]0
.. I 'b~.'lOO 1.'12.ccr I. coo
•• 1~ ..2."r:u II"11b.OOO ft.COO
"
101 ... 000 2"'''.000 -ll.CI;IO
•• J~'O'OOO 2".... oro ,.
.. J'I"_.,)(;O zu"a.c,;;c o.CIIO
.. l(l~". "OU 211].000 ...000
.. 111]."00 ] n ...ollll - ... COO
"
;I~".OOO II"Ol.OOO - I.ceo
"




)lu~.OIl.:l 1] H.,),).) ... COO
.. ,1)].0(11) 1]'.".,)00 21l.COO
h ll"",OOO "eo.ucn I~.CUII
.. 22PO.OOO 4:';}"000 10.COO
., I JC~ .0"" l.la.con 'o. OliO
." 2U'.;).lU 1'1.'.001 1'.000
« H!>l.OOO 2.lb.000 '0.000
'"
lHb.OOO 2_00.000 23.COO
,n '''''0.011, l~l_.OOI' I'). ColO
'R }<.} •• 000 2.~.:.. K.O~O 22 .JlQ.1L- - 5""'-,n 14·a.OOO HP.QOO 2~.OOO
," ~472.UOn 2"'''.000 11.000 ,~
__ .....!9~ . (4"~.I)OO Z~~OJ.OOO
_I b.PO_O_
'"
2~ZO.OoO 2'''',000 1•• COO
'n "~4".OOo h"ll.OOO 4,000








11'40.00'l b,"" .000 '9.COO
I I 2 ",,1>".1100 lItKK.OCO n.cco




12.000 21 ,,,.O~O -,.coe
," 11ll>.OOO 211,1'.oeo .... 000
," L 1(,0. 000 Zle4.0CO l~.COO
'"
Z7~".OOO 211(>8.00 .... 16.0UO
""
~Su8·'>O ... 21112.00r. I. COO




'l!rlO.OO~ 2,·\1<0.000 2 ... COO
III /"O,.VOO l~ZK.OCQ 13.COO





lJ.b 1(I1O.OOU lUL'.QQ') J2.• COO
.
on j,12... 00J "h~.CCO h.COO
'"
',)4~.~C1 JOll.OOO H.OOO
17_'> lOll.OlJ\I lu'lh.OOO '~.COO__
'"
JI:'>".OOO Jl2u.ccn .l~.COO
,n IllO.rOll ~ 1.. 4 .000 .l'.OOO




J I '>2. orv 1/1~.JCC 12.000







,,, IH2.000 ]l1~.OO{' 42.000
,., "ll>.')OO J I~O.OC" '.I.oeo
,. , ,~~v.'OO ?IR4.JJJ J< .COO
'"
I j~'o. "VII HOII.uCI. lO.ClIO
I ~ J j40~. 000 HJ7.1100 J~.OOO
1'.4 J< 1/.000 h.~.ll\!O 52.000
'"
J4~'.. 'lOlJ j4~0.OO" ll.OOO
HI> ,<.0.000 1,f'4.0CO 5,.COO,.,
.,0<.000 I'>2a.(100 J~.COO
""
.lOth .COO h,}.OOO ~l.CIlO
'"
J';~2 .ovo 1,7".0,,0 "I.COO



















THIS PROGRAM IS PREPAREO FOR THE PREOICTI~ OF TEMPERATURE ••
DISTRIBUTION IN AN ARBITRARY MEDIA UNDER VARIOUS IN'TIAL AND ••
BOUNDARY CONDITIONS --ONE DIMENSIONAL ANALYSIS-- ••
...................................................................
01"[ ... 510,.. 1116,5001,101901
OIMEJolSIO/t Zt 151 ,OENIl5hWC05 I .lZ U5 I .SPHT 115 I ,(0"01 15 I
OIMOISION Cl t 15 hC2 115 100 115 I ,C" 115 I ,(5 ('5 J ,(611' I ,(11 U I







SOIL PROfiLE ANO ITS PROPERTIES •••••••••••••••••••••••••••••••••
ONE OIMENSIONAL ANALYSIS •••••••••••••••••••••••••••••••••
...................................................................
r------.------:--,---






CMECK STOP fOR NEGATivE OR ZERO THICKNESS "NO ORY UNIT WEIGHT ANO
NEGATIVE WATER CONTENT
DO TO J·loM
IFIZIJI.LE.O.OI GO TO 71
IFIOENIJI.lE.O.OI GO TO 72




FOR""TIIHl.39HNEGATIVE OR ZERO THICKNESS. CHECK INPUTI
STOP
WRITEI6.761
FORHATIIMI.45MNEGAfIVE OR ZERO ORY UNIT WEIGHT. CMECK INPUTI
"'"
n WRITEI6,111
77 fORMATIIHl,))H~EGA'IVEWATER CQHTENT, CHECK INPUT I
,,~
7' wRITE16,l01i




.OZ fORMATIIIZX]OHrOTAL NUM8ER Of LAYERS DIVIDED. 1)III,7X5HLAVER.]X
1 ,HTHICKNESS.]XllHOAY UNIT WT,5XI3HWATER CONTENT,lOX
Z ZOMOEPTHI8ElOll SURfACE I I
IfIUNITS.Eo.CGSI WRITEI6.IO)1
IfCUNITS.EO.fPHI wR1TE16,10,1





IIRI TEI6,IO' I CJ.ZIJI ,DEN IJI.IICCJI.llIJI,llIJ.II. J*I,MI
.U4 fORMAII110.fl).',5X,f'.I"X,FI.Z,I'Xf1.,,]H • ,F7.'1




I READ VOLUMETRIC HEAT AND THERMAL CONDUCIIVITY Of ALL LAYERS, I
I WHICH ARE ASSUMED, VARIES LINEARLY WITH TEMPERATURE, I.E. I
I VOLUMETRIC HUT. (I.lTEMP) + CZ I
I CONDUCTIVITY - C].ITEMPI + C, I
I WHERE Cl. CZ, C], AND" ARE COJlSTA~TS I







wRI n16.1al J,C1IJI,CZlJI .CJlJt,C" JI
fORHATIIIO.IOXZ~_,f1.Z,4HT +,fT.).'XZHK·.FT.Z,4H T +.f7.)1







rCE fORMATION CHARACTERISTICS •••
ASSUME THAT fOR [ACH LAYER. THE PERCEMT MOISTURE fROIEN IS •• -
..
.. .r.H EXP<"IUl'HIAL fUIKTlOll OF TEItPER4tUR£. ...
•• PUCENT MOISTURE fROUli .. (5 • EXP, C6 • TlEMP - (1 I •••
•• Wt1ER[ (5. (6. AI«) (1 AIlE CONU"HTS ..
.. ilEAl) 1 FOA KNOWN COEFfiCIENTS ..
•• Z FOR OATA TO IE fllTUIl;; I,.TO AN EllPOllANTlAL FUNCTION ..






























IFIICEIJI.EO.'1 GO TO lZ'
WRITEI6.11" J,C~IJI.C6IJI.ClIJI













INitiAL CONOITION ."J.lI J·102 N ••
•• READ 1 FOR CONSTANT ••
•• 2 FOR ALGEBRA" FUNCTIOfl ••
•• 3 FOR TRIGONO"ETRIC ~UtlCTlO" ••
.. " FOR STEP FutlCTlcm ••
.. 5 FOR DATA TO BE FITTltlG JtlTo Atl ALGBRA" FUNCTION ••
•• 6 FOR lttlOWN TEMP. AT MIO~POINT OF ALL LAYERS ••
.....................................................................
roo REAOI5.111 UUT
GO TO 1201,ZOZ.Z03.20",Z05.Z061. INIT








2) FORMATIII12XllHlNITlAL CONOITIOM.JOX,A6HINITIAL TE"PERATU~E _ COMS










'" FOR"ATIII12XI1HINITIAL COND1TION,5X1HTCZ,O,-,FJO."',2H +,FI0.4,5H -
IZ +.Fl0."'.BH -Z.-2 +,FI0.4,6H .Z-.,1
GO TO 299
I TlZ,ll_A.SINIZ.PIOll + B.COSCZ-PIILIo I






















) ,FlDOl.GE.$T[PAllt.AMD.OOZ.LT.S1EPIIIII GO TO 2).
'" ,. IGO TO U:
~ TlJ.ll_$I[PTIII
2DOZ·ODZ+lIJI/2.0+l.IJ.llfl.O,.,




"' FORMATIIII!"'2HINITIAL CONDITIo.. '" fORl'l Of' 51[1' Fl,IIICTlOIII
wR'TEI6.2. IST[PAIII.$1[P8111.ST[PTIII. 1.1~~S'[PI
fORKA11/T~-HF~1-.flO.4,6H to Z-.FIO.4,2Xl1HTEMPER4TuR£ _.1"10.41
GO TO 299










fORNA'IIII·~'6HINITt~LCONotTtON IT CURVE ftTTING ~S TIZ,OI-,
1 flO."Z~ ••fl0.',5H .z .,fl0.,,'H .Z+.Z .,fl0.,,6H .Z••'1
GO 10 Z99
TENPU~Tt~ES ", COITUS Of "LL sueL~TEItS GivEN, IV~LUES MolIT IE I
OIT~INIO fltON PItEVlOUS CONPUT~T10"1 I
'" ItE"015.1·1 T1B,CTlJ,llo J_l,MI,Tlll1l
IIlttTEI6,IOI Til, ITIJ.ll, J_l,",~ FORM"tl,!IZ~lTHI"l'I"L CO"OITION/!~10ZHTEMPER"'UltES '" CEN'EItS OF
l"Ul SUBl\TERSIOZI GIVEN, IV"LU£S ,..", 1£ OI,"IN£O 'ROM PREVIOUS COM
2PUT"TI~"t!f6.11
GO TO Ztl






















Z fOIl~TI2.Z_H'O''''l OUR"'TI~ OF TIME -.f7.1"H HOURS ',14.




aoUHO~RY CO~OITION$. fIO.KI OR TalKI K.l.2.... ••
RUO 1 FOR CON$TA~T ••
l FOR ALGEBRAIC FU~CTION ..
3 FOR TRIGONOMETRIC FU~CTIO~ ••
• FOil STEP FI-"'ICTlO~ ••
, FOR 0.'" TO BE FI"I~G IItTO .~ .LGBRAIC 'U~CTIO~ ••
...................................................................
IIUOlhUI IBCHO
GO TO 1301.3020303.30•• 30'1. IBONO







FORMAT"Ill19KBOUJIOAAT (ONOI T1Ol11S.9X"~TEIIH:IlATUllE AT BOU_II, • (
lON$TANT fOR ALL '"E Tl~ ••fl0 •••8~ DEGREE .A6'







1.'" -'INE •• fIO •• ,II" -TINE •• : •• F10 •••9H "IME"'J)
r"o to "9
I-=~~==.".._---------TIO.TUtE'· ....SIHIPI.lC.TITI '8-CD,sIP,.ltTlTl. I
Wi'\fll[ T 15 ONE HAlf P£RIDO Ul T1"E SCAlf. I


















FORMA111111X.44H8OUMOARY CONDITIONS 'N FORM OF STEP fUNC110NII'X.
10",,0 OF 51EP,9X20HliME INlERYAllHOURSI,llXllHIE"PERATUREI


















lItt I n: 16 ••0 I AIlOItO. 88Of10.CIOfoID.DeOHO
FORMATIIIIIl5OH8OUMOAAt CONDITION IY CURVE FITTIMG AS 'tD.TIMEI',
1 fI0 ••• 2" ',flD••o," _TIME +.'10 ••• 11" 'TIME"2 +.'10 •••9" "I~'2_),
GO TO ,,,
...................................................................






1'1 TIlIt 1 .GToJ,t.O, TBI It 1_)2 .0.. , '800-32.0 1'12. O-(ORR I
y811';1·,181(I-)2.01·"0,,.0
wRITEl6.'" CORR
FORMAT" lr;6'HCORRECTI0fl 'ACTOR FOR BOUNOARY VALur~ FOR AIR GROUND
I II'lTERFACE -, F6,~1
..................................................................
SPECIFy LOW£R BOUNOARY CONDITION ••
READ I FOft COfoI~fANY ••
2 FOR PERFECY INSVLATION ••
J FOR TEMPERATURE SAME A$ IlOUItOAIlY UYER ••
, FOR .sPECIFIED teMPERATURE ••
...................................................................
READI5.111 L~O
GO TO C)5l.'52.'5~.'5.1. LaONO
1 wRITEI6.,ll




FORMATI/IJll2'HASSUME THE LowER BOUNDARY AS A PERFECT 'NSULATION TO




FOR"'ATI/IJ1.TBHTE"'PERATURE AT LOWER BOUNDARY 1$ $A"'E AS TE"'PERATURE









OLClJl.AT1/l1G TEI'lPERUURES AT VARIOUS POilUS ••
..................................................................
"00 600 ttL.I.lTIME
IfILll.EO.II 60 TO 1112
DO 1114 J"t,1l
TIJ.ll.TlJ.KTI
T81. U ,_T8L luru
REMAIH_THOUR_TOTAL
























" IFIOOT.GE.STEBAII1.AHD.DDT.LE.STEBBIIII GO TO 38'
'''l+1




, 00 375 K_t,la
TBIKI""BONQ+880NO.ODTIUN1T'CBOHO"'OOT/UNITI."Z+080NO"IDOl/UNlTI ••)) oor..oot+01
GO TO 398







TE"PERATURE I""EOIATELY AFTER THE PROCESS STARTS IS TAKEN TO I














I WRrTEI6,'ZI 1.0'l.TBlll. ITI).II. J.l.1II1
J l.'
00 501 J·IoI11






COMPUTE VOUJH£lIlIC HEAT I
- -
b-- ---------------COMPUTE THEIIIIIAl CONDUCTlvlTT I
-.----_._----
CHECl SlOP FOR NEGATIvE OR ZERO VOLUMETRIC H[A' AND THERMAL
COH!lUCTlV1TJ .
IFlsPHTtJI.lE.O.OI GO TO .1
IftCONOIJI.lE.Q.QI GO TO 82
GO TO 501
vAnEl6.I:t' J
FORMATlflll.2l."HNEGA,lvE OR ZERO VOLUMETRIC HEA', (HECl INPUT.
I IHI.I2.IOH TM lA1'fRlI
" ..WRITE""4' J
FOA~'tllll.Z •• 'OHN[G""lv[ 011 ZERO TH[R~L C~DUC'IVITT, CHECK IMP
IUT, IHI.IZ,IO++ T" LA'l'E'tll
" ..COIHIJr!Ut
-===:::-::-c=-=-COMPUTE IfMP AT LOVER IIOUfIOARr ACCOltOIMG TO SP£C1F1EO COltOITIOlI' I
IFIK.EO.11 GO TO 411





1:::=::-::,:-:::-:=-==.,--:;;;:;-;::;=;-;:;;::::;:;-;:--;OI'tPUTE TEMP 8T CAlLING CORRESPOI'IOlf'lG SUBROUTINE "'CCOROIItG TO I
,_C':ALCUt.... TED DISCRIMIM,,"T I
• •
.,
FIJ.EO.ll GO TO ~Ol
FIJ.G£.Z.OR.J.LT.MI GO TO ~02























21-ITIM" I-T P"-I" lIlIIINI/CONDIM 1+IIN-ll/COItOli't'-ll t
TO ~O~
·"Z-T21
FIJ.EO.JFOAi'll GO TO '06
fIO.GT.O.OI GO TO 401












IFIA8SIOIFFI.GT.0.000II GO TO 'l)




WRITEI~,'21 K,OTK,TSF, lTFIJl, J.l,H'
GO TO .23
11 WRITEI~.~2' K,OTK,T81K+II. lTlJ,K+l" J.l,NI
D IFIK.GE.KTKI GO TO ~Ol
I:."K+l
GO TO ,al)
















I WRITEI6,5)' TOTAL,OTf' FI)RNATI/)X2)HTHE IIHE AT LAST STEP ·,FI.l,



























E·EXP (... IX I_XII I"S\l(Il
F·F"I TIII-C..EI+-I XI II.E I
G·G+ITIII-C"E,_E
F...·F...+X I I '_I XI ( ••TlII.E-XI II.E.C+2.0.X 111.E••21






... IX+ll· ... 1XI ..DElT...
BIX"ll.BlXI ..EPSI
ERR... • BSI ... lX.. ll-... 'Xll
ERRB· 8S181X.. II-BIXII











SUBROUTINE FITI .... S.C.OI
FITTING CURVE SY LE"'ST SOUARE "'NO G"'USS-SIEDEl METHOD
DIMENSION SIIOI.XU65I.YI3651
RE O(5.Ul N













SIIOI·SI H) It-X (I 1••6














IFIA851"-AAI.GT.P, GO TO )
IFIU5Ie-seI.GT.PI GO TO )
IFI"'SIC-eCI.GT.PI GO TO )







T£NPfRATURf "1 IK'lITH liNE lNlfRV"L WILL IE LESS IHAN lKI~ INI •
.................................................................
DIMEN510N Z11~ I ,0[10 1151o\/CI 151 ,$PHTl15' ,COHOI 151.Tl16,~OOI




IFtJ.[O.ll GO TO 110
IFIJ.LT.HI GO TO lZ0
fFtJ.EQ,HI GO TO 1'0
uPPER &OUNOARY LATER
IFl\/Clll.EO.O.OI GO TO 112































o IFIWCIJI.EQ.O.OI GO TO i22
































• LOWEll BOUND"IlY l"YE;---- --.---------------
lFIWCINI.Eo.D.DI GO TO 1)2































£lIPK.E liP 1e6 UII • r .JlI:.C 1I MI 1/100.0
lIPKI·ElIPIC6IN!·TT'CTIMI 1 /100.0
TT·TT_ITT_T"a'HL·IE.PKI~ElIPIl.I!/11.0'Ml·C6INI·EIl.PIl.II





"TEMP ~T IK+IIT~ TIME l"t[RYA~ WILL IE hl~R THAN IllTH TIM[ 'M' •
........ ~ ..
DIMENSION 111!I.OEHllSI.WCI151.sPHTI1~I.COKDI151.TI1 •• 5001





IfIJ.EO.II GO TO 110
IflJ.LT.I'II GO TO no




If,welll.ED.O.OI 60 TO 111















."11 I I"11Hl,I' I















IWCIJI.fO.O.OI GO fO III



































IfIWCIMI.Ea.o.Ol GO TO 13T





































IJfOAM.EO.ll 60 TO JJO
IJfOAM.LT.MI 60 TO 120





.21 11 ICOfoIO I II
IoBI/AIlJ








ONPUTE TEMPERATURE FOR ElTRA THIN LATER WHICH NEEDS MORE STEPS ••
TO NEET sTABILITT REOUIREM[NT THAN OTHER LAYERS ••
~ .
:tIMENSIOH II H' .O[NI H I .WCI HI .sPHT( J5 I .CONOI U).TIl6 .500 I




















LOWER llDUNDARY LA~ERf-=:c.::.::::;:::.:::'-.:='----- -------
ABI.l.D·D'FDAM/S~'IMI'ZI"1
ABzaz I"IICOHDIMI
A8).Z 1lt-II/CDIoID '_I ,
Il·A81/0,82.A811












THIS SUBPROGRAM IS WRITTEN FOR COMPUTING VOLuMETRIC HEAl OF ••
THE LAYER AT $PECIFIED TEMPERA'URE AND AMOUNT 0' WATER FROZEN ••
..................................................................






THIS SI.JIIPROGIUol'I IS WRII1[" fOR C(»I.PUTlJtIi THERMAL COltOUCTlYIlT ••
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12 FORKA,Tll',6~".1.'~F6.1.14Af'.11l' FORMATIIIII0~'IHI'lA~IMUMCUMUL":EO OEGRfE OATS _.F7.1
1 110~nHl'lI"I"'t.I'I CUMULUEO OfGREE O"TS -.Fl.l
2 1I10U6HFRfElIIlG '''OE~ ...n.l
, I29HOUR"TJOH OF FREEl I""" P£Rloo -,Ihllll
19 FOIlMATlIHII
20 FOR....TIII'J'HOAY.'X1IHTEMPfR.. 'URf.'XI1HOfGllE[ DAYS.
1 'UIHCt.I'IULAYEO l)f:GIlEf I)AfS/1i
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